Introduction
Obtaining adequate information on the stochastic properties of stock market returns is a requirement for the design of international portfolios. If there is no serial statistical dependence between current and past returns or security prices, investors cannot derive profitable investment strategy based on past trends since price changes obey to a random walk process. On the other hand, if dependence is found, rejection of the weak form efficiency hypothesis (WFEMH) indicates that there exists potential for a profitable investment rule.
While conventional wisdom suggests that mature stock markets are generally weak form efficient (see Fama, 1965 Fama, , 1970 , conclusions for emerging markets are slightly more tentative. In these markets, a number of theoretical arguments support the rejection of the random-walk hypothesis. First, in thinly traded markets, the low level of competition and the subsequent dominance of some players may allow individual traders to set stock prices at levels significantly different from their intrinsic value (Mobarek and Keasey, (2000) ). Second, the scarcity and uncertain validity of corporate information, the lack of auditing experience and the weaknesses of regulations and disclosure requirements lead to truncated fundamental information (Blavy (2002) ). Third, a number of structural and institutional specificities such as the fragmentation of capital markets and the presence of political and economic uncertainties may also account for departure from efficiency (El-Erian and Kumar (1995) ).
However, results from empirical investigation are mixed: while some researchers can not reject the random-walk hypothesis for emerging markets (Dickinson and Muragu (1994) , Urrutia (1995) , Ojah and Karemera (1999) ); others find evidence of non-randomness of stock price behaviour (Harvey (1994) , Claessens, Dasgupta and Glen (1995) , Poshakwale (1996) , Nourredine and Khaba, (1998)).
The objective of this paper is to check for the WFEMH in a set of seven Middle-East and North African (MENA) stock markets: Morocco, Tunisia, Egypt, Jordan, Lebanon, Turkey and Israel.
For comparative purposes, we also present results for the EMU, a regional benchmark and the World Index.
Three reasons justify this focus. First, these markets are among the world's oldest (the Cairo Stock Exchange was established in 1888) and have been successfully revitalized during the last decade. This has resulted in growing diversification opportunities for international investors (Lagoarde-Segot and Lucey (2005) ). Secondly, this group of countries are following a similar economic trajectory through their integration in the EU's neighbourhood policy (Femise, 2005) .
Their stock markets have however achieved various degrees of development, as market capitalization ranges from 7% in Lebanon to 67% in Israel. These countries therefore constitute an appropriate sample for comparative analysis in emerging markets. Finally, whereas much academic research has been conducted on the properties of the Asian and Latin American countries (Ojah and Karemera (1999) , Cheung, Wong and Ho (1993) ) the Northern African stock markets have received very little empirical analysis to date. For instance, Civelek (1991) used daily data for the industrial sector of the Amman Financial Market for the period 1 January 1988-3 March 1989, and found relatively frequent positive dependence based on runs and autocorrelation tests. El-Erian and Kumar (1995) used daily data for the same index for a period beginning in September 1992 and ending in March 1994, and confirm this result. Mecagni and Sourial (1999) used four daily aggregate indices and a GARCH(p,q)-M model on the Egyptian stock market for the period 1997-1997 and find evidence for significant departure from the efficient market hypothesis. More recently, Smith (2004) used a variance ratio methodology for Israel, Jordan and Lebanon and finds support for the random walk hypothesis. To our knowledge, there is no comprehensive comparative study of the weak-form efficiency hypothesis for the MENA markets.
Standard empirical testing of the WFEMH can be divided into two sub approaches: one is to determine the existence of predictability using past return series or price information, and the other is to check whether technical trading rules can be exploited as a profit making strategy. Our study encompasses both methodologies. In order to examine the random-walk properties in the studied markets, we use a battery of econometric tests that encompasses unit-root analysis, the heteroscedasticity robust Lo&McKinlay (1988) variance ratio framework, the non-parametric Chow&Denning multiple variance ratio, a wild bootstrap version of the latter, and the Wright (2000) non-parametric rank-based methodology. Turning to the technical analysis, we use the variable moving average (VMA) rules proposed by Brock et al. (1992) , as well as trading range break levels (TRB), and we simulate profits based on the method of computation of breakeven transaction costs (Bessembinder and Chan (1995) . For comparative purposes, we also present results for the EMU, a regional benchmark and the World Index.
The remainder of the paper is structured as follows. Section 2 presents the MENA markets, data and the methodology. Section 3 presents the results and their interpretation. Section 4 draws together our conclusions.
The MENA markets, Data and Methodology

The MENA markets
Although finance has a long history in the MENA, stock markets were left dormant during much of the twentieth century, as a consequence of economic policy choices and local political conditions. However, a growing awareness of the disadvantages of 'financial repression' led the MENA countries to revitalize their stock markets. The financial reforms were part of a more general transition agenda and were encouraged at the multilateral (World Bank and IMF), regional (Arab Monetary Fund) and intergovernmental levels (the so-called Euro-Mediterranean Partnership, or Barcelona Process). Overall, the pace of changes has been rather gradual, and capital markets in the region are still dominated by bank assets, which account for about 85% of the region's market structure (IMF, 2004) . Nonetheless, as shown underneath, both market capitalisation, the number of listed companies and value traded have significantly increased in most countries over the last decade. 
Methodology
Our empirical testing of the WFEMH seeks to determine the existence of predictability using past return series or price information. First, we investigate the existence of predictability using past price information. We then apply technical trading rules to check if they can be exploited as profit making strategies.
Market predictability analysis
The presence of a unit root in the time-series supports the random walk hypothesis, implying market efficiency. The most common framework for such an investigation relies on DickeyFuller (1979 DickeyFuller ( ,1981 methodology. However, according to C.I Lee and al. (2000) , the way the null hypothesis for the ADF test is tested is not very informative regarding the presence of a unit root, and the test is not very powerful against relevant alternative hypotheses. We therefore carry the unit-root analysis with the KPSS procedure of Kwiatkowski et al. (1992) , which has the advantage of being specifically designed to test the null hypothesis of stationarity and a unit root as the alternative hypothesis.
The test statistic is calculated as:
Where L is the lag parameter, t S is the cumulative sum of residuals ( 
The null hypothesis of stationarity is rejected in favour of the unit root alternative if the calculated statistic exceeds the critical values exceeded in Kwiatkowski et.al (1992) .
However, studies (e.g., Liu and He, 1991) have shown that unit root tests do not uniformly detect departures from a random walk, and are consequently insufficient in testing of the WFEMH. The variance ratio test, as popularized by Lo and MacKinlay (1988) and Cochrance (1988) , has often been used as an alternative to examine the predictability of equity returns. This method has the advantage of having good finite-sample properties (Lo and Mac Kinlay, 1989) and of being sensitive to serial correlation. The variance ratio test is based on the idea that if the logarithm of a stock price follows a random walk, then the variance of the return over k period must be equal to k 2 . The variance ratio of q-differenced series is given by:
where the numerator is an unbiased estimator of 1/q of the variance of the qth differenced series and the denominator is an unbiased estimator of the first-differenced series. The standard test statistic is:
A refined test statistic, Z*(q), which adjusts for heteroscedasticity, is proposed by Lo and McKinlay (1989) : Both Z(q) and Z*(q) are asymptotically distributed with mean zero and unit standard deviation.
However, one limit to this approach is that it tests whether the variance ratio is equal to one for a particular holding period, whereas the random walk hypothesis requires that the variance ratios for all aggregation intervals selected should be equal to one. As an alternative to individual variance ratio tests, Chow and Denning's (1993) have proposed a multiple variance ratio test, where a set of variance ratios is tested against one. Under the null hypothesis, V (qi) = 1 for i = 1,…,l against the alternative hypothesis that V(qi) 1 for some i. The test is based on the idea that the decision regarding the null hypothesis can be made according to the maximum absolute value of the individual variance ratio statistics, that is:
The statistic follows the studentized maximum modulus (SMM) distribution with l and T degrees of freedom, whose critical values can be calculated based on the limiting distribution of the statistic. At the level of significance, the null hypothesis is rejected if MV* is greater than the However, the inconvenient with sub-sampling methodologies is that they require the choice of block length. The optimal block length is unknown, and the test can yield different inferential outcomes for different choices of block length. Following Jae H. Kim (2005) , we therefore apply a wild bootstrap to MV*, which is an asymptotical pivotal statistic under the assumption H* of Lo and MacKinlay (1988) . The advantage of bootstrapping asymptotically pivotal statistic is well documented (MacKinnon, 2002) . The wild bootstrap test of MV* is conducted in three steps:
1. Form a bootstrap sample of T observations Finally, we know that non-parametric test statistics are more powerful in rejecting the randomwalk hypothesis in the case of non-normal time series since they allow deriving specific critical values by simulating the exact sampling distribution (Luger, 2000) . Considering the skewness of our series, it appears appropriate to complement the analysis with a non-parametric component, which does not appeal to any asymptotic approximation. We use Wright's (2000) Under the hypothesis that t y is independently and identically distributed, ) ( t y r is a random permutation of the numbers 1,2…T, each with equal probability, giving the distribution of the test statistics. The exact sampling distribution of 1 R and 2 R can therefore be simulated to an arbitrary degree of accuracy, for given choices of T and k. Critical values are given in annex. For further methodological details see Wright (2000) .
Technical Trading Rules
The VMA rule states that one should take a long position if the short-term VMA is above the long-term VMA and stay short otherwise.
where S and L stand for short and long-term, respectively. Following Brock at al. (1992) where H stands for the number of days that is used in the TRB trading rule. The return for these strategies can be given by:
The first null hypothesis we test is that the returns generated by technical trading rules are zero.
The student test statistic is calculated as
, where R denotes the average daily returns, R σ is the standard deviation of daily returns and N is the number of daily observations. The second null hypothesis we test is that the mean returns generated by technical trading rules equals the returns derived by the buy-and-hold strategy. Following Brock et.al(1992) , the t-statistics for the buys, sells and the buy-sell difference are: Finally, we adopt the framework of a 'double or out' strategy in order to simulate the profit from applying trading strategies. Therefore, when a 'buy' signal is generated, the investor will borrow at the risk-free interest rate and double her equity investment in the market. In response to sell signals, the investor will sell the shares and invest in the risk free interest rate. We assume that the borrowing and lending rates are the same and that the risk during buys and sells periods are the same. We use the average yield of the 3-months US Treasury bill as proxy for the risk-free interest rate. In order to take into account the presence of local trading costs, we adopt the method of computation of breakeven transaction costs as developed by Bessembinder and Chan (1995) 
Results and Analysis
Variance Ratio Tests
Our main finding is that the number of weak form efficient markets seems to diminish with the power of the econometric methodology: beginning with the KPSS unit root analysis, we find that the null hypothesis of stationarity is significantly rejected for all markets, providing preliminary support for the efficiency hypothesis. Then, turning to the Lo & MacKinlay variance ratio analysis, and using the data in dollars, the random walk hypothesis is rejected only for Egypt and Morocco. When taking the series in dollars, the WFEMH is also rejected for Egypt, Morocco, and Lebanon. Egypt's stock market has known a dramatic expansion over the last decade, but was very small in terms of market capitalization and liquidity and the beginning of the study period. This can furnish a theoretical ground to the rejection of the efficiency hypothesis. In the case of Morocco, the same factors, plus the low number of firms on the market, can explain weak-form inefficiency. The rejection of the efficient market hypothesis in the case of Lebanon can also be explained in terms of small capitalization, liquidity and number of stocks. The 15% price limit regulation operating in Beirut can also constrains efficiency in the stock market (Ryoo and Smith, 2002) . The Chow & Denning multiple variance ratio tests and their bootstrap version confirm the latter result, both in local currencies and in dollars. Finally, Wright's non-parametric analyses highlights that Tunisia and Jordan are also weak form inefficient. Tunisia's stock market has contracted over the study period, while the Amman stock exchange, although large in capitalization, is dominated by a very small number of firms, which might depart prices from a random walk. A the end of the investigation, the WFEMH abides only in Turkey and Israel, which are our sample's most developed markets of the sample. At first glance, this result seems to corroborate the view that the weak-form efficiency hypothesis is more likely to be verified in the largest markets. Nevertheless, one still has to be cautious with this explanation: applying the same battery of tests to the EMU and World benchmarks, the WFEMH is rejected as soon as we skip from the individual variance ratio to the multiple variance ratio analysis. Rather than providing clear-cut evidence that the WFEMH is more likely to occur in the more developed markets, our results therefore seem to suggest that the WFEMH is often rejected as we move towards more refined statistical methodologies, and constitute an incentive to conduct further research in this branch of the literature. 
Technical Trading Rules
Results from the technical trade analysis overall confirm the hypothesis of market predictability.
First, all the daily one-day average returns for buy signals are positive. Second, our t statistics significantly reject both the null of zero returns following a technical analysis, and the null of equal returns with the buy and hold strategy. Finally, our profit simulations suggest that technical trade rules applied to these markets can yield significant abnormal positive returns. Regarding the VMA strategy, these returns seem possible in Jordan, Tunisia, Turkey and Israel. The TRB performs better, as extra profits can be expected in all countries but Lebanon. Besides, profit estimations in these countries are comparable to those obtained for the EMU, MENA and World benchmarks. Our investigation therefore clearly highlights the potential of the Mediterranean markets in the international investor's portfolio diversification strategies.
Conclusion
The objective of this paper is to test for predictability in seven Middle-Eastern markets by investigating both the weak-form efficiency hypothesis (WFEMH) and the returns from technical analysis. Starting with tests for the random-walk hypothesis, we used daily data returns and a battery of econometric tests including unit-root analysis, individual and multiple variance ratio, 
